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ORIGINAL ARTICLE
Stroke-Specific Quality of Life one-year post-stroke in two Scandinavian country-
regions with different organisation of rehabilitation services: a prospective study
Synne Garder Pedersena,b , Oddgeir Friborgc , Guri Anita Heiberga,d , Cathrine Arntzena,b ,
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Arctic University of Norway, Tromsø, Norway; cDepartment of Psychology, UiT - The Arctic University of Norway, Tromsø, Norway; dDepartment
of Clinical Medicine, UiT - The Arctic University of Norway, Tromsø, Norway; eHammel Neurorehabilitation Centre and University Research
Clinic, Aarhus University, Denmark, Denmark; fResearch Centre for Habilitation and Rehabilitation Model and Services (CHARM), University of
Oslo, Oslo, Norway
ABSTRACT
Purpose: To compare stroke-specific health related quality of life in two country-regions with organisa-
tional differences in subacute rehabilitation services, and to reveal whether organisational factors or indi-
vidual factors impact outcome.
Materials and methods: A prospective multicentre study with one-year follow-up of 369 first-ever stroke
survivors with ischaemic or haemorrhagic stroke, recruited from stroke units in North Norway (n¼ 208)
and Central Denmark (n¼ 161). The 12-domain Stroke-Specific Quality of Life scale was the primary out-
come-measure.
Results: The Norwegian participants were older than the Danish (Mage¼ 69.8 vs. 66.7 years, respectively),
had higher initial stroke severity, and longer stroke unit stays. Both cohorts reported more problems with
cognitive, social, and emotional functioning compared to physical functioning. Two scale components
were revealed. Between-country differences in the cognitive-social-mental component showed slightly
better function in the Norwegian participants. Depression, anxiety, pre-stroke dependency, initial stroke
severity, and older age were substantially associated to scale scores.
Conclusions: Successful improvements in one-year functioning in both country-regions may result from
optimising long-term rehabilitation services to address cognitive, emotional, and social functioning.
Stroke-Specific Quality of Life one-year post-stroke could be explained by individual factors, such as pre-
stroke dependency and mental health, rather than differences in the organisation of subacute rehabilita-
tion services.
 IMPLICATIONS FOR REHABILITATION
 The stroke-specific health related quality of life (SS-QOL) assessment tool captures multidimensional
effects of a stroke from the perspective of the patient, which is clinically important information for
the rehabilitation services.
 The cognitive-social-mental component and the physical health component, indicate specific func-
tional problems which may vary across and within countries and regions with different organisation
of rehabilitation services.
 For persons with mild to moderate stroke, longer-term functional improvements may be better opti-
mised if the rehabilitation services particularly address cognitive, emotional, and social functioning.
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Stroke is a common cause of disability [1], which may affect func-
tioning in any aspect of a persons’ life [2,3]. Multiple functional
impairments following stroke may occur separately or combined,
including motor functioning, cognition, perception, visual func-
tioning, emotional and mental health, and language problems
[4,5]. Long-term effects are determined by the initial stroke lesion
and the extent of subsequent recovery [5]. Since the prevalence
of stroke-related burden is expected to increase over the next
decades, rehabilitation will remain a major part of post-stroke
care [6,7]. The rehabilitation process includes aspects of profes-
sional care as well as active change, where individuals acquire the
necessary knowledge and skills needed for optimum physical, psy-
chological, and social function [5]. To reduce long-term functional
consequences and optimise treatment and rehabilitation out-
comes, an effective and coordinated organisation with continuum
of care is recommended [6,8,9].
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The long-term impact of stroke is often investigated by health-
related quality of life (HRQOL) measures [10–12]. The most com-
prehensive stroke-specific HRQOL instruments [11], measure the
perceived impact of stroke in several aspects of physical function,
activities, and participation [12,13], as defined by the International
Classification of Functioning, Disability and Health (ICF) [14].
These self-report measures are often obtained from stroke survi-
vors with mild to moderate strokes [15–17], and cover physically
related domains including mobility and self-care activities, as well
as social and psychological domains, including work, language/
communication, and cognition [11]. The Stroke-Specific Quality of
Life (SS-QOL) scale [18] additionally covers domains related to
fatigue, personality change, and vision. Domains rated as most
affected vary across studies, with, for example, cognitive-related
functions rated as both lower [17] or higher [15] than physical-
related functions. Females [19,20], older individuals [20–22], mar-
ried patients [23], patients who were self-care dependent before
the stroke [24,25], patients with more stroke severity [10,26] and
with psychological difficulties [10,21,27,28] have been found to
have lower HRQOL. Few predictor studies have been performed
with use of stroke-specific HRQOL measures [25].
Whereas acute phase multidisciplinary stroke unit treatment is
evidence-based [29,30], and described as excellent in high-income
western countries [31], more knowledge of service provision and
rehabilitation effects in the subacute phase is needed [6,32]. For
patients with mild to moderate consequences after stroke, evi-
dence suggests skilled, coordinated multidisciplinary teams sup-
porting home-based rehabilitation to increase functioning and
regain independence in activities of daily living [6,32,33].
Although continuum of care and access to multidisciplinary
rehabilitation in rehabilitation units and after discharge to the
community is recommended [6,8,9], it remains unclear how to
organise subacute stroke services with optimal delivery [34,35].
Two European studies have investigated generic HRQOL post-
stroke in different countries, and found that HRQOL scores vary
more than can be explained by stroke severity or sociodemo-
graphic factors alone [24,36]. How countries organise subacute
rehabilitation services aimed at alleviating functional problems is
likely to influence patients’ HRQOL; hence, studies that examine
this are needed [24,36].
We are unaware of studies comparing stroke-specific HRQOL
between country-regions characterized by a comparable welfare-
system, but which differ in the organisation or delivery of the
rehabilitation services following treatment in a stroke unit.
We expected that stroke survivors from the Danish region, which
offers a centralised service with standardised and stratified treat-
ment, in line with recommendations, together with multidisciplin-
ary stroke-competent community-based teams [37–39], would
report better HRQOL compared to participants from the North
Norwegian rural region. In the latter region rehabilitation services
are decentralised and locally governed. Accordingly, the aims of
this comparative cohort study were to (1) describe and compare
levels and profiles of the SS-QOL scale between cohorts from
specified municipalities in two neighbouring countries with differ-
ent organisation in subacute rehabilitation services one-year post-
stroke, (2) explore whether country-region was associated with
SS-QOL scores after accounting for selected covariates, and (3) to
examine whether the demographic, stroke-related, or psycho-
logical factors were associated with SS-QOL scores.
Materials and methods
Setting
This was a prospective international multicentre study with partici-
pants living in the geographic area of the University Hospital of
North Norway (UNN) and two municipalities in Central Denmark
associated to the Aarhus University Hospital (AUH). Table 1
presents an overview of the geographic and organisational differ-
ences in rehabilitation services. The Norwegian area is 23 times
larger than the Danish area and includes 30 municipalities
(Figure 1). In Denmark, the study population was admitted to the
AUH serving 1.3 million inhabitants, whereas the participants from
North Norway were admitted to one of three stroke units with evi-
dent lower patient-volumes. The regions in this study were situated
in high-income countries with reasonably equivalent public welfare
Table 1. Geographic and organisational differences in acute and subacute stroke rehabilitation in the study regions (2014–2016).
Rehabilitation services in the Central Denmark
region study area
Rehabilitation services in the region
of North-Norway study area
Location Central Region, Denmark Northern Region, Norway




48 000 and 97 000





Acute and subacute inpatient rehabilitation One centralised stroke unit covering 1.3 million
inhabitants
Three stroke units covering 30 000, 50 000 and
110 000 inhabitants. The largest has Level 1
responsibility for an expanded area.
Referral from stroke unit possible to: Referral from stroke unit possible to:
 five inpatient neurorehabilitation units  two neurorehabilitation units
 four less specialised rehabilitation units
Continuous treatment chain from acute care to
rehabilitation
No regularly continuous treatment chain
Rehabilitation settings with available robot training,
virtual reality training, pool / warm pool
No regularly available technical resources/pool
Outpatient and community-based rehabilitation Multidisciplinary, specialised team available
when indicated
Seldom have multidisciplinary teams in
municipalities
Day-rehabilitation at a centre No available day-rehabilitation at a centre
Specialised follow-up of stroke consequences (return
to work, cognitive problems)
No regularly available multidisciplinary specialised
follow-up, but use of ambulatory
counselling teams
Family involvement, if present No regular family involvement
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and tax financed healthcare systems, well-organised stroke unit
acute rehabilitative treatment, similar high admittance rates to
stroke units (>90%), and comparable surveillance-rates post-stroke
[40,41]. National guidelines in both countries recommend that all
patients having a suspected stroke are admitted directly to stroke
units. All citizens have access to specialised acute and stroke unit
care with multidisciplinary treatment. The two study regions con-
trast distinctly in degree of treatment centralisation in stroke units
as well as national recommendations of rehabilitation services
organisation following stroke unit care. Rehabilitation plans are
implemented in Denmark during discharge from stroke units. If fur-
ther in-hospital rehabilitation is needed after stroke unit treatment
at AUH, patients are transferred to a regional hospital. In the
Norwegian region, admittance to in-patient rehabilitation units is
judged individually, and not part of a standardized procedure. The
two specialized rehabilitation departments at the hospitals “UNN
Tromsø” and “UNN Harstad” have broader multidisciplinary teams
and increased possibilities for medical treatment compared to the
non-specialised departments. This is reflected in the admittance
practice. Skilled, specialised multidisciplinary teams are imple-
mented in the two Danish municipalities, but not in the examined
area of North Norway (Table 1).
Participants
Persons with first-time stroke admitted to stroke units and
included in the country’s respective Stroke Registry, were con-
secutively enrolled between March 2014 (Norway), or June 2014
(Denmark) through December 2015. Stroke survivors were
included if they were (1) 18 years or older; (2) diagnosed with a
first-time stroke according to the International Classification of
Diseases, version 10 (ICD-10 I.61 or I.63); (3) admitted to the
stroke unit of AUH (Denmark), or one of three stroke units at the
University Hospital of North Norway, located at either Tromsø,
Harstad, or Narvik; and (4) living in either Favrskov or Randers
municipality in Denmark, or in the defined geographic area of
North Norway. For the current study, stroke survivors had to be
able to complete the questionnaires at 12-month follow-up. The
exclusion criteria were patients with stroke related to brain malig-
nancy, subarachnoid haemorrhage, or brain trauma.
In total, 920 patients with first-time ischaemic or haemorrhage
stroke (ICD10 I.63 and I.61) were potential participants for the
study (Denmark N¼ 402 and Norway N¼ 518). Of those, 293 per-
sons were excluded at 12months follow-up (deceased n¼ 174;
too sick to be included n¼ 22; consent by proxy, unable to com-
plete the questionnaires n¼ 97). Of the eligible 627 stroke survi-
vors one-year post-stroke, 73 did not consent, 175 did not
respond, and 10 were excluded because of unsatisfying comple-
tion of the SS-QOL scale. A total of 369 participants were included
in the study. A flowchart following the STROBE criteria is shown
in Figure 2.
Comparing the 73 Norwegian non-consenters with the partici-
pants showed that the non-consenters were older (Mage ¼ 73.6,
SDage ¼ 13.5 vs. Mage ¼ 69.8, SDage ¼ 11.3), and significantly
more were women (63% vs. 43%). Compared with participants,
non-responders (n¼ 175) in both countries had significantly more
severe acute stroke assessed with the Scandinavian Stroke Scale
(SSS), (Norway: M¼ 47, SD¼ 8.6 vs. M¼ 44, SD¼ 10.4; Denmark:
M¼ 49, SD¼ 9.9 vs. M¼ 45, SD¼ 14.1). In addition, the Norwegian
non-responders had longer length-of-stay in stroke units than
Norwegian participants (median 7 days vs. 4 days). No significant
differences in age or gender were found between non-responders
and participants in any of the countries.
Data collection procedures and instruments
In the preparation phase of the study, relevant and comparable
variables were identified in the national stroke registries of both
Figure 1. Study regions (Norway blue and Denmark red) in comparable sizes.
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countries. In Norway, stroke unit nurses or health professionals
informed potential participants about the study and asked for
written consent either in person or by telephone. In Denmark, a
health professional retrieved information directly from the
National Stroke Registry on patients with stroke who were living
in the respective municipalities. Those who completed the ques-
tionnaires at 12months were included in the current analysis.
Data were collected three times: (1) at baseline we recorded
pre-stroke demographic and stroke related data that was retrieved
from the stroke registries and in Norway from patients’ medical
journals, (2) at 3 months post-stroke, we collected information
about rehabilitation services through telephone, or in Norway in
connection with an outpatient visit or based on registrations from
the stroke registry, and (3) at one-year post-stroke, all potential
MORS 
N = 95 
MORS 
N = 79 
not able to fill in 
questionnaire
 N = 57
Proxy-responders,
Proxy-responders,
not able to fill in 
questionnaire  
N = 40 
• Did not respond (n = 61) 
• Incomplete questionnaire (n = 2)
• Did not respond (n = 114)  
• Incomplete questionnaire (n = 8)
Participants at 12 months Participants at 12 months 
N = 208 
 
N = 161  
Total number of participants 
N = 369 
Survivors at 12 
months 
N = 423 
Survivors at 12 
months 
N = 323 
Eligible for the study 
N = 344
 
Eligible for the study 
N = 283 
Non-consenters N = 73 
• Not asked for consent  
   by failure (n = 43)  
• Did not want to participate (n = 30)
Not asked for 
consent because of 
medical condition 
N = 22 
Norway Denmark 
Persons with first-time stroke from the 
geographic area, admitted to stroke unit 
N = 518           N = 402 
Figure 2. Flowchart.
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participants from both regions received a posted questionnaire
package including socio-demographic questions, the SS-QOL
scale, and the Hospital Anxiety and Depression Scale (HADS).
The first rehabilitation received after discharge from the stroke
unit was operationalised into: inpatient rehabilitation, either in a
specialised neurorehabilitation unit or less specialised rehabilita-
tion unit; community-based rehabilitation at day centres or at
home, or; no rehabilitation services after discharge from the
stroke unit. After 3 months post-stroke, no further individual
rehabilitation service data were collected, instead an overview of
the rehabilitation services organisation in the two country-regions
is presented in Table 1.
Demographic data and stroke characteristics
At baseline, data on age, gender, stroke subtype, acute treatment,
and length-of-stay were obtained from both countries’ National
Stroke Registries. Information on marital status (married/cohabit-
ant or single), pre-stroke self-care dependence (living with or
without assistance pre-stroke), and work status (working/studying
prior to stroke) were obtained from questionnaires.
The Danish Stroke Registry used the Scandinavian Stroke Scale
(SSS) to measure initial stroke severity, and the Norwegian Stroke
Registry used the National Institute of Health Stroke Scale (NIHSS).
Neurologic impairments were measured within 24 h and were
graded in both scales, thus we chose to use the SSS, because
data from the Danish National Stroke Registry were more com-
plete (1 missing) than the National Norwegian Stroke Registry
(104 missing for this study). For the Norwegian population miss-
ing NIHSS data, a classification was identified by an experienced
senior physician (author, G.H) using medical records data. NIHSS
scores were transformed to SSS scores using a mathematical algo-
rithm with a reasonable to good degree of reliability [42].
The HADS
The HADS consists of 14 items and can be used to reliably and
validly detect the mental health states of anxiety (7 items) and
depression (7 items) [43], and can be used for persons with stroke
[44]. The response scale ranges from 0 to 3, where higher scores
indicate higher severity, and subscale sum scores range from 0
to 21.
The SS-QOL scale
The outcome measure used to assess the perceived impact of
stroke was the comprehensive SS-QOL scale [18,45]. The SS-QOL
scale was previously validated in Denmark [17] and recently vali-
dated for use in Norway [46]. The scale was developed through
interviews with stroke survivors and their closest family members.
The SS-QOL scale consists of 49 items covering 12 domains:
mobility, energy, upper extremity function, work and productivity,
mood, self-care, social roles, family roles, vision, language, think-
ing, and personality. Each domain is measured by three to six
items using a 5-point (1–5) Likert scale where higher scores indi-
cate better function. An example from the language domain is
“Did you have trouble finding the word you wanted to say?,” and
possible replies: (1) could not do it at all, (2) a lot of trouble, (3)
some trouble, (4) a little trouble, (5) no trouble at all. A previous
study identified two components of the SS-QOL scale, physical
and psychosocial, in a study of patients with aneurysmal sub-
arachnoid haemorrhage [47].
Index scores were generated that allowed a comparison of the
relative level of each domain and total score. Reliability for the
SS-QOL scale has been documented by several studies, with
acceptable and good internal consistency of the domains
(Cronbach’s alpha ¼ 0.79–0.93 for Norway, and 0.81–0.94 for
Denmark). Test-retest reliability of the SS-QOL scale has similarly
Table 2. Demographic, stroke characteristics and treatment factors of participants with first-time stroke.
Both regions Norway Denmark
N¼ 369 N¼ 208 N¼ 161
Age at time of injury, mean (SD)a 68.4 (11.4) 69.8 (11.3) 66.7 (11.4)
Age, n (%) 56 (15) 26 (12) 30 (19)
18–55 199 (54) 108 (52) 91 (56)
56–74 114 (31) 74 (36) 40 (25)
Gender, n (%)
Female 153 (42) 88 (43) 65 (40)
Male 216 (58) 120 (57) 96 (60)
Stroke subtype, n (%)
Ischemic 336 (91) 191 (92) 145 (90)
Haemorrhagic 33 (9) 17 (9) 16 (10)
Married/cohabitant, n (%)a 248 (67) 131 (63) 117 (74)
Working or student, n (%)a 97 (26) 42 (20) 55 (35)
Living home with assistance/institution, n (%) 36 (10) 24 (11) 12 (7)
Scandinavian Stroke Scale (SSS), median [IQR]b 49 [44–56] 47 [43–54] 52 [44–57]
SSS impairment, n (%)
45–58 mild 257 (70) 137 (66) 120 (75)
30–44 moderate 96 (26) 63 (30) 33 (20)
0–29 severe and very severe 15 (4) 8 (4) 7 (4)
Missing – – 1 (1)
Stroke unit length-of-stay, median [IQR]c 3 [2–6] 4 [3–7] 2 [1–3]
Thrombolysis, n (%) 60 (16) 28 (14) 32 (20)
Thrombectomy, n (%)a 9 (2) 2 (1) 7 (4)
Available participants, telephone interview at 3 months N¼ 295 N¼ 208 N¼ 87
Rehabilitation after stroke unit
In-patient rehabilitation, n (%)b 84 (23) 70 (34) 14 (16)
Community-based rehabilitation at home or day-centre, n (%)c 69 (19) 29 (14) 40 (46)
No follow-up after stroke unit, n (%)c 142 (39) 109 (52) 33 (38)
aCohort difference p ¼< 0.05.
bCohort difference p ¼< 0.01.
cCohort difference p ¼< 0.001.
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been documented as generally good (Spearman’s rho ¼ 0.67–0.94
for Norway, and 0.65–0.99 for Denmark) [17,46].
Data quality
Data quality in the completed questionnaires was good. Practical
support to complete the questionnaire was accepted as long as
the stroke survivor gave the replies themselves. If questionnaires
were answered on behalf of an individual, the questionnaire was
considered a proxy-response (Figure 1) and excluded from the
study. In Norway, missing data was collected from participants by
telephone when possible. Missing HADS items were replaced by
mean subscale scores. Missing SS-QOL items were replaced by the
mean scores for the corresponding domain. One or two missing
items were accepted for domains with a total of five or six items,
and one missing item was allowed for domains with a total of
three items. We choose to exclude questionnaires that had more
than five missing items in the total scale (2%), and those where
we could not generate subscale scores. About 46% of the rehabili-
tation data were missing for the Danish participants that could
not be reached by telephone.
Statistical analyses
Analyses were conducted using IBM SPSS Statistics, version 26.
The descriptive data were presented as means, standard devia-
tions (SDs), ranges or proportions. Chi-square, or Fisher’s Exact
tests were used to compare categorical data, whereas independ-
ent sample t-tests, or the non-parametric Mann-Whitney U tests,
were used to compare differences in continuous data. Binominal
distribution (McNemar’s test) was used to detect significant
dichotomous changes within each country-region. Because of
high inter-correlations between the SS-QOL domain scores, we
performed a principal component analysis to see if they clustered
and formed more general components. The factor loadings were
promax rotated (Kappa ¼ 4).
Hierarchical linear regression analyses were conducted to iden-
tify associations in the SS-QOL scale with the between country-
region of prime interest. Variables were entered in blocks, with
model fit reported as adjusted R2 for each block. Four blocks of
variables were specified: (1) country, (2) adjustment for age (con-
tinuous), gender (male/female), marital status (married/cohabitant
vs. single), self-care independent vs. dependent prior to stroke, (3)
acute stroke severity, stroke subtype, and length-of-stay in the
stroke unit, and (4) HADS anxiety and HADS depression scores.
Initial beta values represent each variables’ first appearance in the
model, whereas final beta values represent the final model. Since
the distributional properties of the SS-QOL outcome scores were
highly leptokurtic and skewed, the independent T-tests as well as
the regression models were bootstrapped with 5000 re-samplings
to produce less biased confidence intervals. Since bootstrapping
does not provide standardised beta coefficients, all variables were
transformed to z-scores (M¼ 0, SD¼ 1).
Ethics
This study was conducted according to the Helsinki Declaration
regarding informed consent and confidentiality. The Danish Data
Protection Agency (record no. 1-16-02-363-14) and the Norwegian
Committee for Medical Research Ethics (no. 2013/1461) approved
the study.
Results
Descriptive data for the two samples are shown in Table 2. Most
participants had mild (70%) to moderate (26%) initial stroke sever-
ity. Participants from North Norway were slightly older than par-
ticipants from Central Denmark (MNorway ¼ 69.8 years, range
38–91; MDenmark ¼ 66.7 years, range 36–93, p< 0.05), had higher
initial stroke severity (p< 0.01), and longer stroke unit length-of-
stay (mean 4 vs. 2 days, respectively; p< 0.001). Anxiety and
depression levels were not significantly different between the
respective cohorts. More participants from Norway were widowed
or single before the stroke incidence, and more participants from
Denmark were working prior to their stroke.
Rehabilitation pathway data after discharge from the stroke
unit were available for all Norwegian participants and for 87
(54%) of the Danish participants. Non-responders at 3 months fol-
low-up by telephone in Denmark (n¼ 74) did not differ signifi-
cantly from the Danish participants regarding age, gender or
stroke severity. As shown in Table 2, available information indi-
cated more use of inpatient rehabilitation in North Norway,
whereas Danish participants received municipality-based rehabili-
tation services to a higher degree either at home or in a day
centre. In the total population, 39% did not have any rehabilita-
tion after discharge from the stroke unit. Significantly more
Norwegian participants had no follow-up after discharge from the
stroke unit compared to Danish participants. Because a large por-
tion of the Danish cohort had missing data for these measures,
we choose to present the results only descriptively.
Comparing pre- and post-stroke data, the within country analy-
ses demonstrated a significant decrease in self-care independence
(from 93% to 80% in Denmark, and from 89% to 80% in Norway,
both p’s < 0.001) and work status (from 35% to 22% in Denmark,
p< 0.001; from 20% to 14% in Norway, p< 0.01).
A principal component analysis of the 12 sub-domains of the
SS-QOL scale extracted two components representing more gen-
eral dimensions: (1) a physical health component (PH) with strong
loadings ranging between 0.89 and 0.93 (self-care, mobility, work/
productivity, upper extremity function); and (2) a cognitive-social-
mental component (CSM) with strong loadings ranging between
0.82 and 0.92 (thinking, personality, family roles, mood, social
Table 3. Stroke-Specific Quality of Life scores in Norway and Denmark one-year
post-stroke.
Norway Denmark
N¼ 208 N¼ 161
M 95% CI M 95% CI p Value
Index scores
Mobility 4.51 4.4–4.6 4.54 4.4–4.6 0.683
Energy 3.73 3.5–3.9 3.37 3.1–3.6 0.017
Upper extremity function 4.53 4.4–4.6 4.47 4.3–4.6 0.528
Work/productivity 4.54 4.4–4.7 4.42 4.3–4.5 0.154
Mood 3.98 3.8–4.1 3.78 3.6–4.0 0.115
Self-care 4.73 4.6–4.8 4.70 4.6–4.8 0.649
Social roles 3.99 3.8–4.1 3.77 3.6–4.0 0.074
Family roles 4.26 4.1–4.4 3.94 3.7–4.1 0.009
Vision 4.78 4.7–4.8 4.70 4.6–4.8 0.194
Language 4.72 4.6–4.8 4.57 4.5–4.7 0.014
Thinking 4.07 3.9–4.2 3.60 3.4–3.8 0.000
Personality 4.23 4.1–4.4 3.79 3.7–4.1 0.001
Total score 4.36 4.3–4.4 4.19 4.1–4.3 0.024
Component scores
Physical health (PH)a 4.58 4.5–4.7 4.55 4.5–4.6 0.673
Cognitive-social-mental (CSM)b 4.03 3.9–4.2 3.72 3.5–3.9 0.008
Notes. M: mean, 95% CI: bootstrapped confidence interval.
aSelf-care, vision, language, mobility, work/productivity, upper extrem-
ity function.
bThinking, personality, family role, mood, social role, energy.
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roles, energy). The vision and language domains were excluded
because they did not correlate with either of these
two components.
The total SS-QOL score was high in both regions (MNorway ¼
4.36, SD¼ 0.68; MDenmark ¼ 4.19, SD¼ 0.76). Participants in both
country-regions reported significantly more functional problems
in the energy, thinking, mood, personality, social, and family
roles domains (Table 3 and Figure 3) compared to the physical
domains. A statistically significant difference between the coun-
try-regions emerged for five SS-QOL domains; however, these
differences were of minor magnitude, with the North Norwegian
region showing slightly better function (Cohen’s dEnergy ¼ 0.26,
dFamily roles ¼ 0.28, dLanguage ¼ 0.25, dThinking ¼ 0.39 and
dPersonality ¼ 0.37). The SS-QOL total scale (Cohen’s d¼ 0.24) and
the CSM component (d¼ 0.29) also showed a small but signifi-
cant difference.
The multiple regression analysis maintained statistical signifi-
cance for the country difference variable (Table 4). Adding the
covariates age, pre-stroke dependency, stroke severity, anxiety,
and depression explained a substantial amount of the variance in
the SS-QOL total score and two component scores (adjusted R2
ranging between 0.40 and 0.59) with anxiety and, in particular,
depression being the most substantial explanatory variables fol-
lowed by pre-stroke self-care dependence and initial stroke sever-
ity. For the explained variance in the PH component of the SS-
QOL, HADS anxiety was unimportant, and age (older) contributed
slightly. In the CSM component of SS-QOL, age lost significance
and stroke severity contributed with a lower magnitude.
Replicating these analyses within each country showed the same
significant explanatory findings in the Norwegian sample, whereas
in the Danish sample age dropped out and gender came in as
significant contributors (Supporting Information Table S1). There
were small changes between initial and final beta values in all
regression models.
Discussion
In this study of multidimensional SS-QOL across country-regions,
individual factors were found to impact outcome more than
region-specific characteristics like organisational differences in
subacute rehabilitation services. The findings mainly cover
patients with initial mild to moderate stroke severity. Both the
Norwegian and Danish cohort experienced more problems within
cognitive, social, energy, and emotional domains than in physical
domains. A principal component analysis of the 12 SS-QOL
domains extracted two components that we named the PH com-
ponent and the CSM component. Compared to the participants in
the North Norwegian region, participants in the Danish region
reported more functional problems in the SS-QOL total scale and
in the two component scales after adjustment for predefined
covariates; thus, this finding did not confirm our expectation of
better self-reported HRQOL in the Central Denmark region with
more structured subacute multidisciplinary community-based
rehabilitation services. Age, self-care dependence, stroke severity,
anxiety, and depression were associated with SS-QOL scores.
Domains and profiles of the SS-QOL scale
HRQOL instruments may be assessed generically if comparisons
between diseases are of prime interest, or specifically for the
actual disease if distinct clinical aspects of functioning are more
important. Thus, the latter represents a more comprehensive
assessment of functional domains that are relevant following
stroke [10–12]. Compared to other studies [25,48], both regions
scored high on the SS-QOL total scale, indicating that the popula-
tions with mild to moderate stroke severity had good functioning
one-year post-stroke. The SS-QOL scale includes items across
body functions, activities, and participation, as classified in the ICF
[12,14]. Previous studies using multidimensional instruments
showed variability in scores regarding the domains related to
physical and cognitive functions. In contrast to our study, a
Turkish study [25] found personality and thinking to be among
the domains with highest scores. Also, a Swedish prospective
observational study recruiting stroke survivors from stroke units
[15], measured HRQOL with the Stroke Impact Scale one-year
post-stroke and found that the participants reported more prob-
lems with functioning in the physical domains than in the cogni-
tive and social domains. About 87% of the sample in that study
were people with initial mild to moderate strokes, and slightly
more responders had severe strokes than in our study (13% vs.
4%). However, other European studies where the majority of par-
ticipants had mild and moderate strokes support our findings,
reporting relatively more problems in the SS-QOL cognitive, social,
and emotional domains [17,47]. Differences and similarities in
Figure 3. Stroke-Specific Quality of Life scoring profiles in Norway and Denmark.
STROKE-SPECIFIC QUALITY OF LIFE 7
HRQOL scores may rely on the heterogeneity of the patient popu-
lations evaluated, as well as various recruitment procedures for
both stroke units and for the different studies. In our study, both
cohorts scored lowest in the energy domain one-year post-stroke.
Fatigue is common after stroke, tends to persist, and contributes
to lower QOL [49,50]. The SS-QOL is the only stroke-specific multi-
dimensional instrument that includes this element to measure
stroke-specific HRQOL, which may give the measure
an advantage.
Components of comprehensive HRQOL measures
A previous validation study of the SS-QOL scale for patients with
aneurysmal subarachnoid haemorrhage [47], used principal com-
ponent analysis and revealed two components of the instrument;
physical and psychosocial health. However, this study is the first
to report the existence of two similar components of the SS-QOL
scale in stroke survivors with ischaemic and haemorrhagic stroke.
As discussed by others [47], using the two SS-QOL components
may be useful for providing scores for PH and the CSM aspects of
the HRQOL without hiding important component HRQOL findings
in the total score. Additionally, with the nature of heterogenicity
in stroke survivors, the SS-QOL component scores may better
than SS-QOL total scores indicate specific rehabilitation needs in
different populations or at an individual level.
Country-region differences
The finding that Norwegian participants had higher scores in
some of the SS-QOL domains and total scores compared to the
Danish participants could be a result of selection bias. First, partic-
ipants from both regions had less initial stroke severity than non-
participants; hence, our results are more representative of stroke
survivors having a mild or moderate stroke. Second, the Danish
participants were younger, more work-active prior to stroke, and
more participants from Denmark were married. However, work-
activity and marital status were not significantly associated with
the SS-QOL scores, and younger age in this and other studies was
predictive of better rather than worse HRQOL scores [20–22].
Another possible explanation for different results could be the
single centre inclusion in Denmark compared to multicentre inclu-
sion in Norway. Higher treatment volumes have in some studies
resulted in better stroke outcome [51,52], but then one would
expect higher scores in SS-QOL in the Danish region, so this
explanation for the observed difference is unlikely. Two other
Scandinavian studies did not observe a prognostic difference
between patients admitted to stroke units with different treat-
ment volumes [53,54]. The organisation of the rehabilitation serv-
ices may affect the overall service quality, thereby also affecting
the outcome of the treated patients [37,55]. We thus expected
improved functioning in the Danish than the Norwegian popula-
tion, as the continuum of care and multidisciplinary professional
support in Denmark are more systematically organised than in
Norway [37]. However, our findings indicate rather similar results
across the countries, with doubtful clinical importance of the
North Norwegian region.
The investigated geographic area in Denmark has, over the
past decade, systematically developed competence in cognitive
rehabilitation [37,56], and the Danish population in this study
received more municipality-based rehabilitation services after
stroke unit discharge compared to the Norwegian cohort. These
conditions may matter, given stroke survivors’ insight into their
own functional dilemmas regarding cognition, consequently
resulting in more reported problems. As discussed by others
[57,58], people with different expectations may report that they
have a different HRQOL even when they have the same clinical
condition, and current measures cannot distinguish between the
individual experience of disease and expectations of health. In
contrast, the apparent provision of more inpatient rehabilitation
in the North Norwegian region could have a positive impact of
functional cognitive abilities [59]. As in previous studies compar-
ing HRQOL across European countries [24,36], variations in
Table 4. Regression analysis of the Stroke-Specific Quality of Life (SS-QOL) total scale and the two component scales. Independent variables were entered in
four blocks.
Block
SS-QOL total SS-QOL physical health (PH) component SS-QOL cognitive-social-mental (CSM) component
Covariates Adj R2 Initial β Final β 95% CI Adj R
2 Initial β Final β 95% CI Adj R
2 Initial β Final β 95% CI
1 Country difference 0.01 –0.00 0.02
–0.129a –0.164c–0.238 I –0.093 –0.037 –0.121
b
–0.206 I –0.043 –0.151
b –0.151c–0.226 I –0.080
2 Background information 0.08 0.11 0.06
Age 0.027 –0.095a–0.184 I –0.008 –0.125 –0.171
b
–0.301 I –0.059 0.127 –0.016 –0.105 I 0.070
Gender –0.056 0.054 –0.014 I 0.124 –0.034 0.009 –0.077 I 0.096 –0.061 0.066 –0.009 I 0.142
Marital status 0.010 0.007 –0.068 I 0.085 0.046 0.045 –0.042 I 0.142 –0.005 –0.005 –0.078 I 0.072
Work status 0.057 –0.016 –0.095 I 0.061 –0.044 –0.011 –0.099 I 0.070 –0.071 –0.034 –0.112 I 0.045
Dependency –0.270c –0.183b–0.313 I –0.070 –0.292
c –0.225b –0.388 I –0.081 –0.213
b –0.131a–0.231 I –0.039
3 Stroke and length-of-stay 0.17 0.23 0.10
Stroke severity (SSS) 0.277c 0.184c0.101 I 0.265 0.282c 0.213b0.078 I 0.335 0.207c 0.117b0.042 I 0.194
Stroke subtype –0.023 0.026 –0.034 I 0.084 –0.039 –0.009 –0.090 I 0.077 –0.020 0.032 –0.029 I 0.092
Length-of-stay, stroke unit
(days)
–0.066 –0.020 –0.159 I 0.085 –0.152 –0.125 –0.322 I –0.002 –0.014 0.033 –0.073 I 0.123
4 Questionnaire data (one-year) 0.59 0.40 0.56
HADS anxiety# –0.253c–0.351 I –0.158 –0.037 –0.173 I 0.086 –0.333
c
–0.438 I –0.234
HADS depression# –0.478c–0.584 I –0.370 –0.390
c
–0.532 I –0.258 –0.447
c
–0.563 I –0.340
Notes. Country: Norway ¼ 1, Denmark ¼ 2. Gender: 1 #, 2 $, Marital status: married/cohabitant ¼ 1, single/widowed ¼ 2.
Work status: student/working ¼ 1, sick-leave/retired ¼ 2, Dependency: Independent ¼ 1, dependent ¼ 2.Higher score, better function, #Higher score, worse function.
SSS: Scandinavian Stroke Scale; HADS: Hospital Anxiety and Depression Scale.
Physical health (PH) component: self-care, mobility, work/productivity, upper extremity function.
Cognitive-social-mental (CSM) component: thinking, personality, family role, mood, social role, energy.
ap< 0.05, bp< 0.01, cp< 0.001.
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SS-QOL scores in our study could not be entirely explained by
sociodemographic factors, stroke severity, mental health, or even
between country differences in rehabilitation organisation.
Factors associated with the SS-QOL scale
In accordance with most other studies, higher age, pre-stroke
dependence, stroke severity, anxiety, and depression were associ-
ated with more reported functional problems [10]. Findings
regarding age are not fully consistent. While our study demon-
strated that higher age was associated with lower SS-QOL total
score and physical component scores, age was not of importance
for scores in the SS-QOL CSM component. In one study [60],
younger stroke survivors (<65 years) reported more problems in
social, emotional, vitality, and mental health domains of the Short
Form Health Survey (SF-36) one-year post-stroke, as well as more
problems in the PH components of SF-36 at three years post-
stroke. Another study [61] found no significant difference in
SS-QOL scores between stroke survivors above and below 65 years
following stroke. As discussed by others [60], associations of
HRQOL may vary over time after stroke, and may depend on
whether different aspects or components of the multidimensional
HRQOL are being considered.
Following a stroke, the occurrence of anxiety and depression is
highly clinically significant, and frequently associated with HRQOL
[62,63]. Anxiety has been shown to be common following stroke
(23–29%), and to affect stroke survivors’ SS-QOL scores independ-
ent from depression [27]. This is consistent with our findings for
the SS-QOL total scale and CSM component, whereas anxiety was
not a significant explanatory variable for the PH component. Post-
stroke depression is a consistent determinant of HRQOL and prob-
ably the most important long-term psychosocial consequence fol-
lowing stroke [10]. Depression after stroke has been reported with
a frequency of 18–61% depending on patient selection criteria,
diagnostic criteria for depression, and duration after the stroke
event [61].
Study strengths and limitations
This study had a prospective observational design and a fairly
acceptable response rate (59%), although several limitations could
limit generalisation of results. First, a non-response bias may occur
if responders differ substantially from non-responders, which may
be the case in this study as those with more severe stroke were
less likely to respond. Results in both country-regions are limited
to stroke survivors with initial mild and moderate stroke, a finding
reported also in other cohort-studies of HRQOL after stroke. Given
the extensive questionnaire used, results cannot be generalised to
patients with severe disabilities or aphasia following stroke, and
this could influence the profiles of the SS-QOL responses. Further,
although the inclusion criteria were identical, the study samples
differed between the country-regions. Norwegian participants
were slightly older and had higher initial stroke severity than
Danish participants. A possible explanation could be different
stroke unit admission practices, or better recruitment of older
individuals at follow-up in the North Norwegian region.
Theoretically, this selection is expected to result in worse SS-QOL
scores in the Norwegian than the Danish region whereas our
results were in favour of the Norwegian participants. However,
the overall differences were small and probably of no clinical sig-
nificance. Although controlling for this type of difference is never
fully possible, we expected regression analyses to account for
case mix [36]. Second, factorial invariance (e.g., whether the given
measure is interpreted in a conceptually similar manner by
respondents representing different cultural backgrounds) is a pre-
requisite for generalising results from patient reported outcome
measures. To the best of our knowledge, the SS-QOL scale has
not previously been compared across cultures and an evaluation
of measurement quality related to this study has not been done,
representing a limitation of our study. Although the two countries
included in this study have quite similar cultures and languages, a
cultural difference in interpretation of the questionnaire cannot
be ruled out. Third, missing individual rehabilitation pathway data
makes comparison of individual services between regions uncer-
tain. Consequently, individual rehabilitation data was not used in
more advanced statistical analyses. The missing Danish data could
comprise patients with increased use of inpatient rehabilitation
compared to the included participants. However, the non-res-
ponders without rehabilitation data did not differ significantly
from the participants with rehabilitation data regarding age, gen-
der or stroke severity, implying that the available results fit well
with the overall descriptive data. Further, the available data sup-
ported the descriptive comparison of municipality-based rehabili-
tation organisation between the two country-regions. In the
future, when ongoing work is completed, a more standardised
classification of rehabilitation services will be available [64,65].
Study strengths include recruitment from stroke units in countries
with high admittance rates, definition of geographic areas, few
exclusion criteria, and standardised measurements in both acute
care and follow-up.
In conclusion, there was a small difference in SS-QOL scores
between the two country-regions, and in favour of the Norwegian
participants. Given the above accounts, it is fair to conclude that
country-region differences are of a negligible magnitude. This
result disproved our hypothesis. The profiles of the SS-QOL scale
in both country-regions may indicate requirements for long-term
individualized follow-up with rehabilitation interventions that to a
greater extent address cognitive, emotional, and social function-
ing. Our results and conclusions may generalize best to subpopu-
lations with mild and moderate stroke, and less well to patients
with a more severe stroke. Future studies including impact of
individual rehabilitation pathways in natural settings
are warranted.
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